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@ Optical fiber core and cable with reinforced buffer tube loosely enclosing optical fibers. 

@ Optical fiber core including a plastic buffer tube loosely containing individual optical fibers or a 
plurality of coplanar fibers in a plastic ribbon, which fibers and ribbon are longer than the buffer tube, at 
I ast two flexible strength members of a tensile strength greater than the tensile strength of the tube 
and having a coefficient of expansion and contraction less than that of the tube, at the outer surface of 
the tube and an adhesive binding the strength members to the tube or a tape or cord under tension 
around the strength members to prevent slippage of the strength members with respect to the tube and 
to prevent buckling of the strength members when the core is subject to compressive forces. Also, an 
optical fiber cable containing such core. 
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FIELD OF THE INVENTTON 



The .nyention relates to an optical fiber cable core containing optical fibers and a cable including such core 
!^on 1 H reinforced by strength members providing sufficient tensile strength for axial pulling as 

well as adequate resistance to compression of the core so that the core may be handled without damage prior 
to .ncorpora ,on m the cable and so that the core remains similarly protected after it is incorporated in a cable 
and dunng its intended useful life. 
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BACKGROUND OF THE INVENTION 

It is well known in the art that optical fibers. e.g. silica fibers wHh claddings and coatings for optical and 
mechanical purposes, are relatively fragile and must be protected during manufacture of an optical fiber cable 
and the mstellation of such a cable. Thus, the fibers must not be bent below a predetemnined radius and not 
De subjected to excessive pulling or tensile forces or compression forces. In addition, such fibers are subjected 
to detenoration in the presence of moisture and must be protected from moisture as well. 

In the past, the optical fibers have been loosely enclosed in a plastic tube (buffer tube) having a bore of 
a cro^sectioned area larger than the cross-sectional area of the fibers or the cross-sectional area of the f ibere 
with the coatings including a plastic which forms a ribbon incorporating a plurality of fibere. Frequently the 
axial length of the tube is shorter than the linear length of the fibere or ribbons, and has sufficient tolerance 
so that stretching or contraction of the tube, wrtiich has a relatively high temperature coefficient of expansion 
and which has a relatively low tensile strength, will not damage the enclosed fibere. Of couree. with such con- 
strurtion the tube is able to move axially with respect to the fibere. but the relative axial lengths of the tubes 
and fibers are selected so that the interior of the tube is not in continuous contact with the fibere or ribbons 
and so that the fibera are not bent to a too small a radius. 

• protection, the tube is filled with a water blocking compound of a known type which Is suffi- 

ciently fluid as not to prevent, significantly, movement of the fibera or ribbons with respect to the tube Typically 
the water blocking compound is a gel or grease-iike and non-hygroscopic and/or thixotropic 

While such a tube-optical fiber combination called a "core", provides some protection for the fibere, it usu- 
ally IS not instalied in the field for optical communication purposes because of its f ragileness and inability to 
tolerate pulling and bending forces encountered in such installation operations. In further manufacturing steps 
additional layere of materials, such as armoring for crushing and rodent protection, strength membere to resist 
pulling and compression forces and a plasticjaoket for weather and abrasion purposes are applied to the core 
Dunng such further manufacturing steps, the optical fibere must also be protected against damage by mech- 
anical force and moisture. 

As strength membere, metal wires or high stength non-metallic rods orf ibere, such as glass rods or fibere 
or aramid in matrix of resin or similar materials have been applied to the exterior surface of the core tube in 
various configurations, for example, helically or longitudinally, with or without circumferential or axial spacing 
Such strength membere usually have a relatively small cross-sectional area and without lateral support are 
easily bentwhen subjected to compression forces longitudinally thereof. While such strength membere prt^vide 
adequate axial tensile strength, normally, without additional means of support, they provide little resistance 
to axial compression forces applied to the cable or the core, such as externally thereto or by reason of thermal 
contraction, it has been proposed that the strength membere be made of non-metallic fibere impregnated with 
an epoxy resin to make the strength membere rigid and to resist axial compression forces as well as axial tensile 
Torces. However, such latter strength membere make the core and subsequent cable relatively stiff or rigid 
which IS desirable and they cannot withstand relatively large longitudinal compression forces without undesir- 
able bending, buckling or kinking. 

A problem in the design of optical fiber cables is that in many cases, the cables are required to be operable 
without damage to the optical fibera. over a temperature range of about -50»C to about 85»C although for spe^ 
cial situations, the range can be from about -10° to about 65»C. Plastics which are normally used for the cable 
jacket and the buffer tube have a relatively high temperature coefficient of expansion and contraction and a 
relatively low t nsiie strength whereas the optical fibere have a relatively low temperature coefficient of ex- 
pansion and contraction, in order to prevent the plastic components from applying stress to the optical fibere, 
the optical fibere are decoupled from the plastic components, such as by making the cross-sectional area of 
the bore of the buffer tube larger than the cross-sectional area of the optical fibere. by making the linear or 
longitudinal length of the optical fibere greater than the axial length of th buffer tube and by including in the 
cable, strength members which have some resistance to contraction of the cable, as aforesaid. 

However, it has been found that these measures are not sufficient because depending upon the ratio of 
the cross-sectional area of the bore of the buffer tube to the cross-sectional area of the optical fibere, the ratio 
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the tensi. 'trength aTcoC to"^^^^^^^^ membe^and the plastic compon nts and 

aged by reason of stretching and^raSfon^th^ ? ^ members, the optical fibers can still be dam- 

of the prior art which Je of^mallTame?r<^n^^^^^^^ ^"^ "^^"^^^ 

adequate pratection for the opS flbi^ LlCoa^l^ h *° P'^^"*^ components, provide 

tection with respect to intrart^n foiSs blc^^^f^^^ '".^ ^^^^ ^'^^^^^^^ P^**- 

kink with contraction fo^s S fecT^^^^^^^ '"^'"''^'^ ''^"d or 

als.thestrengthmembe,scanpieriJheouSS^^^^^ '"tl'^!! ^^'"''^ 

the cable unsuitable forfurther use^^^^ 

tancSS^he^rio'Sn;^^^^^^^^^ 

cantly increasing the cablTdLmlter^; Su^inq other '"'^T'l '►^«'«''y «'9nifi- 

to contraction forces cannot be obSiied ^ ^'^^ """9 P^^ems. of resistance 

With a LTe o?i'Ze?e.y ^^^^^^^ ^"•'^ long.udinally or are so laid 

resistant eve^ when ce stre^^^^^^ ^^'^T "'^'""^'^ ^^^'^^^^ compression 

the streHntrm^ri " members are surrounded by a metal shield or plastic jacket. Thus when 

c^Jet b iackr^^^^ '"""^ *° '^^'^^^^-n forces, they slide axlally with espe Jto^he 

throDtical fiS^^!™ I K °°T'*."*"'' '^'"'^ When this happens, the core tube and hence 

Ir^urthi sfr:U memter '^'"'^'"^ " ""'^'^'"^ ^« ^'^'''^'-^ *° - P'-« 'a^ei 

BRIEF SUMMARY OF THE INVENTION 

opti^rfi^Jr^re^ra'^bT^^^ °' r " """"^^^^ ~- - 

c.,n^lf^ . ^ °' conventional size can be provided, by providing transverse or lateral 

cor^o^a rSn^'^r" ^ that provided in prior it'cat^eslnd hwIT^^ ts'S 

condrtions ^nd expected internal and external longittidinai tensile and compression forces ^^^"^'""^ 
ind Jh.?-?"'"^ °^ """Prises a plastic buffertube loosely containing optical fibers as 

^e3^^1 o?tH°^^^^^ ^'^'^-''y-W^ ^«'««on to each other by the plastic of the ribboJ. 
The axial length of the fibers or nbbons is greater than the axial length of the buffer tube. Any otherwise emotv 
spa^s within the tube are filled with a water blocking material, such as a thixotropic gel. ^ 
Applying rad.allv ,nward force to the outer surface of the buffer tube are two or rnore strenath members 
aH^T P^''^'- --bstantially parallel, to the longitudinal axis of the tube. Therr^nXelers h^ve 
sio?a-^ T " ^'^^"9*" - temperature co'eflidem of expan 

Js^ i e^ll^ " rL'" ?" coeff icientof the buffertube. and can. forexample. be sLn- 

Dolti^lril Z Z T ^ ' <=°"««'°n. flexible polyrner^c or non- 

polymenc or glass rods or glass or aramid fibers embedded in a resin, such as an epoxy resin wWch orovWes 

:orrrcir:rx~""'"'^"°"°^^ 

iaIly"'of Ih'^'SreTe'S :lr' "''^^'^ "^'"'"^ *° '^'^^ compression fbroes applied longitudinally or ax- 
S« t^P h "t'-««"P^«sslon performance, and thereby, improve the protection of the optical 

suSe Of fhl h?. Tk r to their lengths and are tightly coupled to the outer 

tiJ^rhloh oL« J!^^^^^^ "'5""^" ^'^^ '"^'"''^^ bufL tube requires reS- 

Z1^J^X^^^na T.lT" ^" compresston and slippage resistance can be obtained 

m.mhT c !. ? K « ^**''t ^^^f' «s «" «P°^ ^esin. between at leastthe adjacent surfaces of the strength 
^dh^^^ P™'"™** embodiments, a cord or tape, either with or without such 

the tenTn "^^^ i 1 "'^ '"^"'''^'^ a tension substantially in excess of 

Teau nt oro^Si °' ^f^ """^"'y *° ="«"9th members in pla(i for the sub- 

sequ nt processing of the cable in the application of other layers 

exoe^t^dTbe '^uS'k°^ ""^ °' ^^^""'^"^ *° ^"^ ^^^^^^^ "^'''^ «t^«"9th member 

!r«^^?h ! ^ compression forces. Normally, the cord or tape is wound helically around the 

strengtl^ members, and while the cord or tape could be helically wound with abutting turns, this is not necessary 
Ihl l^ compression forces, and it reduces th speed at which the core is formed. Accordingly, and preferably. 

b«nZ?„'!^^'!^- ^'^"y ^^^''^ "^^ *P^<='"9 «^'"9 dependent upon the dimensions and 

bending properties of the strength member, and in any event, the relationship of spacing and properties of th 
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Strength members is selected so that the strength members will protect the tube and optical fibers uo to the 
tTnf ? '"^r'" ^r^l^P^^^'"" both during handling of the core and the subsequent hTndl^a^d 

Performan^ the cords or tape may be applied in two or more layers. tSe coni or tape in one 

ZZ ^lT"^ H ^ ril? '^^^^"^ *° '«y«^- Also, the layers of cowl or 

tape can be wound with the same or different pitches. 

In the cable of the invention, the resistance to compression of the strength members can be enchanced 
^"^ the described core with layers of material which, in themselves, may not provide the desired 

Irng or kinking of the strength members when they are subjected to compression 

u,hil''l'!« ''^ "1^ described, preferably, is encirded by an axially continuous, extruded, first layer of a plastic 
which upon cooling, applies radially Inward pressure to the entire axial lengths of the strength members. Over 
!S L » 'If' ^ uncorrugated. can be applied by longitudinally folding a tape, 

such as a steel tape, with overlapping edged portions. Preferably, the tape is coated on one or both sides with 
a plastic, for corrosion and other purposes, and if the tape is so coated on both sides with a sealable plastic 
.g. sealable by heat, the overlapping edge portions can be sealed together by the plastic to prevent the ingress 
of moisture. To improve sealing, an adhesive may be applied at the overlap. The armoring can be in more than 
one layer, and the armonng not only provides crushing and rodent protection but aids in preventing distortion 
of the plastic layer therewithln and hence, reduction of the radially inward force on the strength members 

The layer of plastic first applied to the strength members can be of sufficient thickness to provide an abra- 
h^n'^f t '^.^ !'^"'^""^ Characteristics for the cable, and if so. the armor can be omitted. On the other 
nand If the cable includes an armoring layer, an outer layer of plastic, forming a jacket or sheath, normally will 
D extruded over the annoring layer. 

When the first layer of plastic is applied over the strength members, it may not completely fill the space 
between the f irst Iayer3nd the buffer tube. To oppose moisture penetration into any spaces between the first 
layer and the buffer tube, a water blocking material is introduced between the first layer and the buffer tube 
dunng the manufacture of the cable. Such water blocking material can be. but need not be. the same as the 
water blocking material within the buffer tube. For example, the water blocking material within the buffer tube 
Should not putany significant restraint on movement of the optical fibers oroptical fiberribbons within the buf- 
fer tube whereas the water blocking material between the first layer of plastic and the buffer tube does not 
have the same requirements. Also, it may be desirable that the water blocking material within the buffer tube 
contain a gas. such as hydrogen, absort^ing material whereas this is not a requirement for the water blocking 

ITffr TT"" Jt. I"** ^"^^^ °' °f blocking materials can contain 

water sweilable particles. 

35 When the optical fibers are contained in ribbons of plastic. H is easier to bend the ribbons in a direction 

transveise to the major surface dimension of the ribbons. When only two strength members are used, it is 
preferred that they be disposed at diametrically opposite positions on the core so that the easier bending di- 
rection of the core and the cable is transverse, e.g. 90°. to the easier bending direction of the ribbons whereby 
he lowered resistance to bending of the ribbons in one direction is at least particulariy offset by the resistance 
to bending of the strength members. A plane intersecting both strength members would be substantially parallel 
to the majorsurfacesofthe ribbons and preferably, about mid^vay of the helghtof a stack of ribbons The rib- 
bons rnay be placed in the buffer tube without any twisting around the buffer tube axis or the stack axis but if 
desired, the nbbons may follow helical or oscillating (S or Z) lay paths within the buffer tube. 

s. "^^'"^ ^'^"^ ^"^^^ 3'® contained in plastic ribbons, it may be desir- 

able that the bore of the buffer tube be rectangular and have dimensions which will prevent twisting of the 
stack ofnbbons around the axis of the buffertube. Such a rectangular bore would have dimensions larger than 
the stack and can be made when the buffer tube is extruded. However, the buffer tube can be made with a 
bore of circular cross-section and plastic circumferential segments, virtiich fit relatively tightly within the circular 
bore, and preferably, which interlock, can be inserted in the circular bore and used to provide the rectangular 
so enclosure for the stack of ribbons. cou»iiguiar 

BRIEF DESCRIPTION OF THE DRAWINGS 

Otherfeaturesofthe present invention will be mor readily understood from the following detailed descrip- 
tion of specif ic embodiments thereof when read in conjunction with the accompanying drawings, in which- 
FIG. IB a cfoss-sectional view of a first embodiment of the core of th invention in which non-metallic 
strength members are bonded to the buffertube encirding optical fiber ribbons; 
FIG. 2 is similar to FIG. 1 and shows a second embodiment in which steel wire strength memb rs are en- 
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circled by a helically wound cord; 

b!?fe?,Ste""'" ' • I""™-""" 'I'' '■■'"Sth ™mb,n and the 

of FIGS. 1-5 .n assocation w,th a pa,r of strength members, the tnrffer tube having a rectang ularTorl! 
FIG. 8 is a cross-sectional view of a modified form of the buffer tube shown in FIG. 7. 
DESCRIPTION OF PRFF FRRED EMBODIMEIMTS 

.0 thatr^rc.^'rtiio™''^^^^^^^^ 

fnr»'* <«rawlngs. the strength members are shown In enlarged scale forpurposes of illustration and there- 

n c^r^e^Za 'd^h:TT^^ ^''^ capping would be subsinTlSnr^'r 

25 Ttr^ntrr^ r 1 ^ ^^'^ '^y®' ^"^""^ strengthening members would be less indented by the 
hZe„ZT,::tTmi^^^^^ '^'^ outersurface which Is substantially circular in c,oss-sec2:n Ho^J^ver 
me invention is not limited to circular cross-sections for such components 

^ ,„H A J "'7*'^'®® cross-section an optical fiber cable core 1 with a buffer tube 2 formed by two layers 
LTsufh olasrn,T'r''r'' terepthalate. polypropylene, polymethylpentene o^^^i^- 

30 drd;s a sta^^^^^^^^ "^"""^ T"'"' ""^^ 20.000-500.000 psi. and ,r^ich en'- 

la iSly soai d .2«^io^ h J"^' °^ "^'"^ """P""^' « P'-^^'^y °^ •'P"'^^' ^ side-by-slde. 

Lrt «„H o t ?r °' ^•"bedded, in a plastic material. Such ribbons are well-known in the 

?h Sons mlv be ^rrri T f P'"^"'' P^y«"i ' P"^-- 

35 and mT^! h -^'^^'O" ~nventional manner, e.g. by an adhesive or cord binders, 

and may be twisted around the stack 5 axis or around the axis of the tube 2 either helically or In oscillaHno 

SerrbZThL^'"'""^'':.'""'^'"'' °' "'^^ - Place <^^the oS 

The buffer tube 4 has an inner bore larger than the cross-sectional area of the stack 5 and a lonaitudinal 

folhl rihL p r '^'^ *° ''^ 2 ^"'^ °f ^''^ 2 does not apply tension 

Tn^T^^-^'^!^''^- '^"'^ ««ss.sectional area of the stack 5 to the cross-sectionaf area i Je 
r K greater or less, and the lengths of the ribbons exceed the axial length 3 he 

»s Buffer tube 2 from applying any significant forces to the ribbons. 

...rh'lT !?h- -"^ ^"^'^ ""^^^^ 2 is filled with a conventional water blocking material 10. 

cof ^h?.ir i n "'^'^'"'^'y """^ ^ ^'""^'^y 20 seconds in the range from 8.S00 to 25.00(^ 

» fn ^Hnln !l' ? *° preventing moisture from affecting the optical fibers. 

assfsJina romJ^^^^^ the compound can include gas. e.g. hydrogen, absorbing impounds foralso 

«ko P-otecting the optical fibers with respect to deleterious gases. The water blocking compound 10 

also assists in resisting radially inward deformation of the buffer tube 2. •"pouna lu 

H. J o""'^' \**^^'^'"«t'''=3"y opposite, non-metallic, strength members 6 and 7 are adjacent to the buffer 
tube 2 and extend longitudinally of the core 1 and substantially parallel to the axis of th buffer tube 2. The 
strength members 6 and 7 hav a tensil strength several times the tensile strength of the tube 2 and a tem- 
perature coefficient of expansion and contraction several times smaller than such coefficient of the tube 2. 
T ne strength members 6 and 7 are bonded throughout, or substantially throughout, their lengths to the outer 
surface of the tube 2 by adhesive 8, such as an poxy resin or a hot melt adhesive, which serves both to resist 
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^ndt ?o?H 1 ■ ° ^ T"^*" "^"'^^'^ ^ ^ "'^y ^'^ ^"^i^^<^ to longitudinal compression loads 

members 6 and 7 are essentially in contact with the outer surface of the tube 2 ^ 

or ar^mwSS'emZ'd^^^^ ' "^"^ '"^.^^^"'P'^' ''^ «exible polymeric, non-polymeric or glass n,ds orglass 
rl^hr«ill I? ^'"''f.''®^ a resin, such as an epoxy resin, and because of their high tensile strength thev 
fsm^i H f ^ r ' ^•9- ^ '^"^ ^^"9^ f™-" 0-75 -nm to 4.5 mm. Howeve wtthsuS 

™rtI>K f?'^ '""'""'y ^"""y ^''^y transversely supported, ^erefore S^^^^^^^^^^^ 

rJ^nnlrL f *° longitudinal compression forces, such as forces produced by temperature 

Sur-H ""^""^ ^ ^"'^ ^ themselves cannot withstand the comprLlon Sees Tr^Xea 

SrJr Tk? 2 ""^"^^ to '"'"^"l b^n'l'ng of the strength mem^Jrt e S 7 Par" 

Se Vh«i ?'h "'^^ '"r""'^ ' ' non-metallic strength members so'd by NEPT^ Tnc Paw- 

rnr:e;tirvrr^^^^ 



Tensile Strength 


-Z2x106 psi 


Young's Modulus 


-6.3x10» psi 


Elongation to Break 


- 3.2-3.5% 


Flexural Strength 


- 1.10x105 psi 


Minimum Bend Radius 


- 55 X diameter 


Epoxy/Glass-% by Volume 


- 33/67 



tho Lh "f ""^""^'^ 6 ^"'^ 7 are tightly coupled to the buffer tube 2 both by friction therebetween and 
iSinlTL T T" oompression for which the core 1 is designed a" appTiTond- 

and 7 hn^lH? ?K'^*? T"^"" *° '"'^ 2. The adhesive 8 and the portions of the strengS mrr^tersl 
sianif ? ^'r^ ^^'^""^ ^ "'^t tl^^ «t'«"9«' members 6 and 7 do nTt move 

sion rorces and temperature changes which the core 1 is designed to withstand. 

^J^T ® embodiment of FIG. 1 acts as both anti-compression means and as anti 

membe . ^^''^^ '^"^ ^^<^" ^'G- 1 to resist compression and decou^fng i the streng h 

des^hln ?H / T '"'^ 2- P'^'^^^^'y' ^"^^^"^ the coml^natton ofTmen s 

tui li ' ^ ^ °' ^'^"^'^ P'"^'**^ ^''"^'^ P^««««« t"^* =»^«"9t^ members 6 and 7 tovS the 
Id. "J"^^^ and kinking of the strength members 6 and 7. The layer 9 preferably is 

made of a thermoplastic such as medium density polyethylene. prereraoiy is 

Although more than two strength members In clrcumferentlally spaced relation can be used when onlv 

as showi in F g T.^T . ^U-^ 'S transverse, e.g. 90" to the easier bending plane of the stack 5. Thus 
as Shown m FIG 1. a plane intersecting the axes of the strength members 6 and 7 is perpendicular to a plane 

T^T . . P^'^"®' *° ^"'^^ ""^j"^ ^^^^'^^'^ Preferably, also, when the stack 5 is not twist 

length Of Se f^' °' ^ ^"^ ^ approximately midway between he 

length of the major dimension of the stack 5 as shown in FIG 1 

Will teSst'^sLl TT '° ""^"^'^ ^ ""^ ^ fo""- tf'^r^ normally 

will be at least sinall. longitudinally extending such spaces, and preferably, such spaces are filled with a water 

2 T^s ^Tl lrl^ ^' °^ t^'e water blod^ng material wKhTn the'ube 

nol hv!:! ^ ? '"^ ^ ^'^^ °' 9 ' "'^•^•y non-hygroscopic or can be both 

ZZZZo^^TT''"""''^"'"''''' d. contain the water swellabi partLsdescrib dJerainbJl 

a viscosity in the range from 10-500 cps. at 125»C in accordanc with ASTM standard D-2669 

th« ^l^X "«=«^^^'-y; '^'9'' '«"sil strength cords 2. i.e. cords strong enough, wh n pulled, to rip open 

the Pj^st^layer 9. can be disposed adjacent the strength members 6 and 7 for splicing pu^«ses 

The cora 1 described in connection with FIG. 1 by itself, i.e. without further layers, can withstand longitu- 
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While the embodiment of FIG. 1 provides improved compression and decouplinq resistance as comnar«i 

bers. However, a cord can be substituted for the tape and vice versa in any of the embodiments in FIGS. 2- 

fnrf^.^^°^T"^°*^*'^ 1a illustrated in FIG. 2 is the same as the embodiment shown in FIG 1 exceot 
m Line 2^^^^^^ r o'-etanicstrength members 14 and 15 in place S 

t^Hon-Sc sTr«?h^ K ^' J'"'';j°"««P°"^'"9 parts have the same reference numerals. If preferred. 
As uTHr/-! thl ^1. ® 7 can be used In place of the metallic strength members 14 and 15 

As us d herein, the word "cord' is intended to include a monolithicf iber. a thread or a yarn which has the desir«^ 
strength and a flexibility which will permit It to be wound around the strength memLrS rand 7 

later^ruo^r^^'bwhT^^Il.'^r''"'^ ^""^ P™^''*^ '^"'^'^"'^^ compression because of their 

lateral support by the cord 13 can. for example, be stainless steel wires, or carbon steel wires coated with cop- 

.Wh S'T P"'P°«««- The diameter of the wires can be In the range from 0.04 Inch to about 0.120 
HK:h smce they have a high tensile strength, e.g. in the range frem about 180.000 psi to about 221.000 psi. 

^nt comlT T"^'^'T' r ^"'^ ^^'^''^^'y '°"9 w"hstand signif- 

icant compression forces without lateral or transverse support 

with?.^o'^^iT"'''' lateral support, i.e. anti-compression means, the strength membere 14and 15 are wrapped 
wrth a cord 13 wound helically around the strength members 14 and 15 with the corti 13 under tension e q a 

TaZtT ron""'^ ^""^ *° ^'"^ ^^'^ ^^'^^^y' f~m at^utloS 

Tr!73 ^^ZtZnl Th r.r'"''"'""' " '""^"^ ''''"^ breakof at least 6.000 psLlthough the 
^nJnJ^^ r r ! "'"^ '"'^ ^P^^" °f manufacture of the core ?a and 

LrnZr^f^ "^r""^ ""•"^""^ "'•'""^'"^ ^^'^ ^5 when subjected to normal 

T^i Z Tk '"^J"' t''* f «>•" «bout 7 mm to about 

flexibjrty of the strength membere 14 and 15 and the longitudinal compression forces applied thereto 

JJ?«' "^^^^""-"""P'essio" '"eans. the cord 13. applies radially inward forces to the strength membere 
It T ? ! number of portions of the strength membere 14 and 15 contacted by the cord 13. and hence 
he longitudinal spacing of the turns, as well as the tension under which the cord is wound, and hence the 

I7thrr«„2ir^ ^ k" ".^*' ^ ^"^^ ^'^ ^^^^^"^ ^° t° P-^v^"* significant movement 

h!^^!?^K T"". /"'^ 15 transvereely of their lengths and decoupling of the strength membere from 

the buffer tube 2 when said core la is subjected to a tension force longitudinally thereof of up to at least 600 

pounds and is subjected to a temperature change from -50»C to 85»C 

Of course, if desired, there may be additional layere of the cord 13 over the layer of cord 1 3 shown in FIG 

2. Preferably, successive layere of the cord 1 3 are wound helically in opposite directions 

Because the cord 13. by itself, can provide the necessary compression and decoupling resistance the 

adhesive 8 can be omitted unless it is desired for maintaining the strength membere 14 and 15 in place during 

SegSe^r ^ membere 14 and 15 thereon or the application of layere thereto 

The embodiment of the core 1 b illustrated in FIG. 3 is the same as the embodiment shown in FIG. 2 except 
for the replacement of the helically wound cord 1 3 by helically wound tape 16 and the substitution of non-met- 
allic strength membere 6 and 7fbrthe metallic strength membere 14 and 15. Of couree. metallic strength mem- 
bere 14 and 15 can be used in place of the non-metallic strength membere 6 and 7. 

J^n *^^J^ ^"^ ^^"'"^ '^^^ strength properti s. i. . a tensile strength at break such 

as 6000 psi. For example, the tape 16 can be a commercially available polyester tape having a thickness about 
0.020 mm to about 0.030 mm and of various widths, preferably not greater than 1 inch in width. The tape 16 
can be applied in several layere. successive layere being wound helicaHy in opposite directions. 

Th criteria for th number of portions of the strength membere 6 and 7 contacted by the tape 1 6, the trans- 
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the sa^ fh'SlfH *° ''k 7""^'^ ^ ^"^ ^ ^""^ relationship of the buffer tube 2 to the optical fibers are 

adhS^s Lnrom^HT^^^^^ T"^? ^"""^'y *° e",bodiment illustrated in F G ? ^he 
manXu";^^^^^^^^ 

ex Jptforte^Sron of «tn~'^ ? * '""^ ^'"^ «^ embodiment illustrated in FIG. 3 

^ 3"'^ 7 and a cord 13 can be substituted for the tape 16 
bet JlTnTl ' ^ P*^^'^'^ ^^'^h f'^^e water swellabie particles there- 

therdemar fS a fh"' ? "''"^ ""'"^ West Point. G^^a unclT, 

h«f«^riTH ^*''°"9'' 'f'^ »aPe 17 is between the strength members 6 and 7 and the buffer tube 2 

nif i^SrJ A ''T^^^ '"^"'bers 6 and 7 and the b,Jfe^tute 2 sia ' 

h?lht,HMV. V . «»'™gated orunconrugated. a corrugated shield 19 being shown and preferably 

Sit s F.r I n?" '°"9''"^'"«"y ^°"'«<1 ^^^nc* tf'e core 1b with overlapping e^ges as ;h^l n g^^^^^^^ 

u^r^ to ornvM^? rT ^If ^""^ '"^"^^ ^♦'^"S*'' to the cabfe 1 8. but 7s not rS 

ndoesTof D^v^L'll^^^^^^^ TT- "^'"^ ^-^^ ^ ''"'^kn^^s °f about 

in It does not provide significant resistance to compression even though it is encircled by a plastic jacket 20 

20 iTr^irrr* T ^ ^ po.yethy.ene pLic. Being made of pSc/theTa^^^^ 

strenoth n^l"i^« ^"^ ^ '^'^"^^'^ '''^^ °f «^P«"sion as compared to The 

hi a^a^t!! ' " "^"'""^^^ ^"^ When the shield 19 is corrugated, ft 

Prim JJ^ STIh M ."o^ ^ longitudinal compression depending upon the depth of the corrugatLs. 

Preferably the shield 19 is coated on both sides with a plastic, the coatings being designated bv the r«f 

of the coatings 21 and 22 is selected so that the inner coating 22 will bond to the plastic iaver 9 the oJ^r 

Zt^ilZ : ^ ^ ° '^y^' ^° extruded over the shield 19. If desired or necessary to slal the 

overtepp^g edge portions of the shield 19. an adhesive can be used between such portions l e at 23 

Asahsfactorysteeltapefortheshield19canbeobtainedfromtheDowChemicalSranV 

in ^Z^^^rV^T """"^ ° ^"'^ t'^'*='<"«" the coatings is about 0 

in. The yield strength is stated to be about 530 sq.in/1 b.. and it is supplied in widths from 1/2 in ^12 in 

at leSt a^d at^Lle tt* ? '^^^ '^^'^^ compression chLcteristics 

Thi c^! i ! r "°wever. both the shield 1 9 and the jacket 20 increase the resistance of 

the strength members 6 and 7 or 14 and 1 5 to buckling or kinking resistance of 

buff^rbe ^nf 1° °' ''"^^ ^•'•^"^ ^t^^^^ 5 with respect to the 

I '^^^"^^^ ^ buffer tube 2a. corresponding to the buffer tube 2 which has a bore 24 corr^ 
sponding in shape, but larger than, the stack 5. Thus, the cross-sectional area of the bore 24 1 relation ZZe 

stack 5. but the narrower dimension, e.g. the width dimension in FIG. 7. of the bore 24 is selected so that the 
hltre 24" il'ttan 1^^^.^'' ' -ail 3.^. 3^. ^ ,,3 ,':*r^rh dIreSn o^ 

™n! ? L dimension of the stack 5. but can be only less than the diagonal or corner- 

iTt^e ^;:JT""°" "oth the cros^section o?the bore 24 and Z^£.^^n 
of he stack 5 are non-circular and are dimensioned so that there is space between the stack Sand the w!n 

bJ?e: u7er^s'dSr; ^"^^^^ *^«'«^<* ^ and .hi wa,f^t « bore ^^^^^ 

thauJe Stack 5 is iSId t ^T^'Tk '""^"^'""^ °^ '"^ ^♦^^^ ^ and the bore 24 are such 

tnat the stack 5 is limited in twisting with respect to the tube 2a to less than about 30° 

! ^"^V ^"'^K^^ 24 are aligned as shown in FIG. 7. a plane 25 intersecting the 

5 Ind nSh.'"'"*''" substantially parellel to the major surfaL of th nbton in' Je 

stack 5 and preferably, is approximately mid-way of the height of the stack 5 

Forcomrenience in manufacture, the buffer tube can comprise a plurality of plastic seoments 2B Th.,« 
thebuffer.ube2bshowninF.G.8hasf6ursegments26-29andp'referab;.theLZ^^^^^^^ 
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the Ihidcness of n. m™. Ir LL, • ?' ' """SUi and the diameteis of Id. com 13 or 

W tS tSese m^^^^^^ '^T;'^'"^"*^ prevention of damage to the optiil fibers 

with which thev^^^^^^^^^^^ """^ ^"^"9*'' «»« or tape and the tension 

S,m.lar considerations apply to the design of a core without a surrounding metal shield 19 and a jacket 

appa'leIJ'to^''hose^^^^^^ °' "'^^^"^ and Illustrated, it will be 

7e:7Z^::^T modifications may be made without departing from t'he princr. 

Claims 

1. An optical fiber cable core comprising; 

area \a^^rt^T^^ ""^'"^ « °^ « cmss-sectional 
sSf r3 whllh °f said fibers and a longitudinal axis shorter than the lengths of 

said fibers, whereby said fibers are free to move with respect to said tube; 

strenoth J^JtT ^'^'^ ^^"9*'^ members having a tensile strength greater than the tensile 

o sa d ube s^d^tZi? K^^^*^? *° """^ '^"^"^^ substantially parallel to said axis 

unah 1 S , ? ^ membera. in free space, being flexible transversely to their lengths and being 
unable, without transverse support other than said tube, to provide the resistance to longitudinal co^ 
pression necessary to prevent damage to said optical fibers; and 

si«„ «» H anti-compression means for increasing the resistance of said strength members to compres- 
sion, said anti-oompression means coupling said strength members to said tube and applying forces to 
s^d strength members transversely to their lengths and at at least portions thereof along ZrTength ^ 
the number of said portions and the longitudinal spacing thereof as well as said forces applied to saS 
tf^SlZlT'^' ?K °['^^ cross-sectional area of said optical fibers to the cross-sectional area 
fnStL ^°™'.;*'^^^'"°""t the length of said optical fibers exceeds the axial length of said tube 

^t~In?h K ^''^"^^ •"^'"''^ ^^'"9 t° P«^«"t significant „^vement of said 

strength mernbers transversely to their lengths and significant longitudinal movement of said strength 

TrZ^TSl'^^rl T i""^ predetermined tensile forces encountered during handling and 
mste nation are applied longitudinally of said core and when said core is subjected to predetermined tem- 
perature changes where the cable is installed. 

^" BOoTbr* ^® ^ "^'^r^'" predetermined tensile forces are up to about 

3. An optical fibercable core assetforth in claim 1 or2. wherein therangeof said predetermined temperature 
change is from about -SOoc to about 85°C and preferably from about -10°C to about 65-0. 

4. An optical fiber cable core as set forth in daim 1 . 2 or 3 wherein the range of said predetermined temper- 
ature changes has a lower limit of from about -10°C to about -SO-C and/or an upper limit of from about 
oo o to about 85®C, 



5. 



An optical fiber cable core as set forth in any one of claims 1 to 4 wherein said anti-compression means 
compnses an adhesiv bonding said strength members to said tub . 



9 



0676654A2_L> 



EP 0 676 654 A2 



^" ^rte^Jl"^K"'lT'"^ ^ ^^'^""^^ Claim 5 wherein said anti-compression means comprises an elon 
adhesive, said forces applied to said strength members. 

^" IZriS! as setforth In anyone of daims 1 to4 wherein said anti-compression means 

t?Zwe said oSSrrir '" J^"" ^^'^"^th members under tension sufSnt 

to provide said forces applied to said strength members. 

t"Z*!^n'^ " """^ I" *™ » the spadns between Ihe .urns seia cort ie 

in the range of about 7mm to about 20mm. 

11. An optical fiber cable core as set forth in claim 6. 7 or 8 wherein said elongated member is a tape. 

J;7„S!iSf '"^J'® ~If ^ ^"^ "'^^"^ ^ »° said optical fibers are contained 

In optical fiber ribbons disposed In a stack. ■ouuiuamea 

13. An optical fiber cable core as setforth in daim 12 wherein the cross-section of said stad. is non-circular 

that thel^r T ir'f "1 ^►'^ stadc and said bore being seated i 

that the rotation of said sta* about the axis of said stack is limited by the walls of said bore. 

?™ said bore are rectangular in 



1 5. An optical fiber cable core as setforth in daim 12. 13 or 14 wherein the axes of said two strength members 
lie in a plane substantially parallel to the major surfaces of said ribbons. members 

' m^riCh m':^ber ^ °' cairns 1 to 1 5 wherein said strength membere are 

within said bore of said tube are filled with a water blodcing compound. 

ab"soSS 'cLmX'"'" " '''' waterbloddng compound includes a gas 

wZ s^eS; rart^r " ^^"^ '^^^^^ '^'^'^'^^ --"-"^ 

21. An optical fiber cable core as setforth in any one of daims 1 to 20 further comprising a water swellable 
tape containing water swellable partides adjacent to and contacting said strength members. 

streTfl*irl?„?h7^ f^-.^! '""'^ 2^ water swellable tape is intermediat said 

sirengtn members and said tube. 

around one ofsaid strength members and of said tube. yiomea 
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sa7.a;7ro?;L«f " 'ongHudinaXy folded around 

28. An optical fiber cable as set forth In daim 26 or 27 wherein said metal shield is corrugated. 

"^^'"^ 2^ °' 28 wherein said metal shield has overlapping long- 
itudinally extending edge portions which are bonded to each other. overlapping, long 

ti^T,^J!^' T^ ^"^ °' "'^'"^ 2^ ^° 28 Wherein said metal shield has a coating 

of plastic matenal on at least one surface thereof. ^^ng 

faceTtSIir "^"f "^'"^ ^° f^^^ « P'^^t"^ '^^ating on both sur- 

faces thereof, one of said coatings being bonded to said layer of plastic material. 

meStd hl^^^l! V "^'IT!" ^''P^"^"'* '° °f 26 to 29 wherein said 

to s^d iaoket °" thereof adjacent said jacket which is bonded 

1" forth in claim 33 wherein said metal shield has a coating of plastic material 



35. 



slnnrl K '^'^ comprising a plurality of optical fibers disposed within a tubular member and 
strength members having a tensile strength greater than that of the tubular member and a thermal coef- 
IZ » K ! ^''P^"^'"" ^"'^ contraction less than that of the tubular member applied to the outer surface of 
ex J^t ,?/h'^ri' K*' '^"^ st^nsth members are coupled to the tubular member to an 

extent such that bending or kinking of the strength members is prevented on thermal contraction of the 
ubular member when the core is subjected to a temperature drop down to a predetermined temperature 
in the range of about -1 0°C to about -50»C. Ho>««iurB 
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(54) Optical fiber core and cable with reinforced buffer tube loosely enclosing optical fibers 

of the tube, at the outer surface of the tube and an ad- 
hesive (8) binding the strength members to the tube or 
a tape or cord under tension around the strength mem- 
bers to prevent slippage of the strength members with 
respect to the tube and to prevent buckling of the 
strength members when the core is subject to compres- 
sive forces. 



FIG.1 




(57) Optical fiber core including a plastic buffer tube 
(2) loosely containing individual optical fibers (5) or a 
plurality of coplanar fibers in a plastic ribbon, which fib- 
ers and ribbon are longer than the buffer tube, at least 
two flexible strength members (7) of a tensile strength 
greater than the tensile strength of the tube and having 
a coefficient of expansion and contraction less than that 
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